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THE EFFECT ON ENGINE PERFORMANCE OF CHANGE
IN JACKET-WATER OUTLET TEMPERATURE

By B. A, Garlock and Greer Bllis

SUMMARY

Tests made on a Curtiss D-12 engine in the Altitude
Laboratory at the Bureau of Standards show the following
effectes on engine performance of change in Jacket—water

outlet temperature:
1) Friction at all altitudes is a linear function
decreasing with

of jacket-water temperature,
increasing temperaturse.

2) The brake horsepower below an altitude of about
9,000 feet decreases, and at higher altitudes
increases, with increasing jacket-water tem-
perature.

3) The brake specific fuel consumption tends to de-
creass, at all gltitudes, with increasing
Jacket-wgter temperature.

4) The percentage change in breake power output is

roughly equal to the algedraic sum of the per-
centage change in volumetric efficiency and

mechanical efficiency.

IRTRODUCTION

Valuable information has been obtained by several in-
vestigations of the performance of liguid-cooled alrcraft
" All the dyna-

engines, with high coolant temperatures.
have been obtained with engines

mometer data, however,
perating at sea level.
Because o0f the interest in this subject & brief.ex-

perimental program has been conducted 1in the Altltude
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Laborétory (references 1 and 2) to determine the effects
of change 6f jacket-coolant Tenperature at altitudes of
10,000 and 20,000 feet as well as at sea level. This is
the only laboratory in this country where it is possible
to conduct dynamometer tests of aircraft engines under
controlled conditions which precisely reproduce those
actually encounteref 1n flight at various altitudes,

The only coslant used was water and the range of a-
veilatle temperatures was therefore limited to that be-
tween the coldest obtainadble from the city water mains
and a maximum of 1000 C. The tests were made at but one
speed and one compression ratio. _Altitudes of 10,000 and
20,00C feet were selected because previous tests with a
Liberty enginé séme years ago had indicated that- the power
output wasTInvariant with jacket-water btemperature at an -’
altitude slightly below 10,000 feet. - Since the power out-
put at sea level dscreased with increasing jacket-water
tempsrature, 1t sppsared that at higher altitudes the pow-
er outbut might increase with increasing temperature.

CrUABPARATUS AND poiipuEwr T
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‘The.engine used was & Curtiss D-12 twelve~cylinder,
V-type with & compression ratio of 5.3 : 1, loaned by the
Bursau of Aeronsutice, Navy Department. The displacement
is 1,160 cu. in, and the engine is rated 435 brake horse-
power at 2,300 r.p.m. at sea level, All.test runs were
made at an engine speed of 2,000 r.p.m: at which gpeed the
unormsl séa-lével power was 401 brake horsgpower at 770 (.
jackaﬁ;témﬁbrﬁfﬁré.' : B o .

‘The carburetor intake air was held at 15% C., being
first dehumidified by coo6ling to about ~-400 C, : By means of
an external oll reservoir the o0il inlet temperature was
held constant at 600 C. The temperature of the jacket -
water was controlled by circulating it through a tank to
which steam or cold water could be added. The c¢oldest
runs weTe made by passing water from the ¢ity mains di-
rectly"through the cngine without recirculating) )

R T

THo” Stromberg .carburetors, fY§9—NA‘Y5ﬁ' w}%h-no.'46
malin:jety were used. The fuel consisted of a mixture of
one third benzol and twp thirds domgstic.aviation eesoline.

The'oii*ﬁﬁédfwgﬁ*LiBe;ty Aero, grade three, possessing a

e B
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Saybolt Universal viscesity of 697 seconds at 130° P,
. (54 45 ©.) and 98 secopds.at 2100 F. (98 9212_24

All results are based on maximum power values obtained
from mixture ratio runs in which the mixture ratio was va-
ried on each side.of .the gptimum until a deflnige_reduction
in power was observed -Fuel consumption was determined by
timing ‘the flow from a callbrated measuring tank and a ven-
.turi which had been calibrated against a Thomas mebter was
used %o meagure the air flow to the carburetor. Friction
‘power 1qss was determlned by motoring the engine w1th the

dynamometer.

RESULTS e

For the purposes of this report, indicated horsepowsr
.is defined as the sum of ‘the measured brake horsepower and
the friction horsepower, the latter being the power re-
quired to drive the engine when motoring with the dynamom-
eter. Volumetric eéfficiency is defined as the ratio of
the volume of air received per cycle, measured at %the tem-
perature and pressure existing at the carburetor entrance,
to the piston displacement. Because less heat was absorbed
by the jacket water in the friction runs, lower jacket tem-
peratures were possible than when operating under power,

Referring to figure 1, the friction horsepovwer at all
three altitudes decreasés approxlmately 11nearly with in-
creasing jacket temperature. At an altitude of 20,000
feet thhe friction horsepower decreases 0.52 percenﬁ for
sach’ degree increase in jacket-water temperaturs. At an
altitude of 10,000 feet the decrease is 0.50 percent for
sach degree increase in Jacket-water temperature and at
sea level 0.39 percent. Frank (reference 3) found that
the friction of a Curtiss Congueror engine operating at
sea level was’ approximateély lingarly variant with Jacket-
coolant outlet tempsrature, the'average decresfe’ Eeing O 33
porcent for each degree increase in temperature.:

e

This change in friction horsepower i1s primarily due
to change in the viscosity of the oil. 0ils vary widely
in thelr viscosity-temperature relation. Accordingly ofther
oils would affect friction and consequently brake horse-
power differently. It seems probable that an oil with a
different visc031ty—temperature coefficient would give a
friction curve of different slope, while 'an o0il of similar
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v1snosity temperature coefficient but of different Saybolt
viscogity at a given temperature would shift the curve par-
allel to 1tself. .

" The brake power decreases with- increasing jacket-water
tempsrature at sea level, is nearly constant at 10,000 feet
and increases at 20,000 feet, The decreasc in brake horse-~
power at sea level is in accord with the findingse of Frank
(teference '3) and Nutt’ (reference 4) for the range covered
by the present tests. Figure 2 indicates that Jacket ten-
perature has no effect on brake horsepowser at an altitude
of avbout 9,000 feat.

The indicated horsepower at. all altitudes decreases
with increasing jacket water outlet temperature, the per-
centage decrease for an increase in Jacket water tempera-
ture from 35° C, to 950 0. being 6.7 percent at sea level, _
4.5 percent. ét.IG'OOO'feef aﬁ&'ﬁmgmpercent dt §5'065mfeéﬁ{“

The change of volumetric efficiency and.. mechanical
efficiency with jacket-water temperature at sea level and
.at altitudes of 10,000 and 20,000 feet is shown in figure
3. Volumetric efficiency decreases with increasing jacket-
water temperature becarse the increased warming in the
Jacketed intske mgnifnide and cylinders decreases the
charge Woalght imducted, The increase ‘in mechanical cffi—
ciency results from the more rapid decrease of friction
than of indicated power with inoreasing Jacket temperature.
The percenhage change in brake horsepowe?r ig approximabtely

egual to .the net change in the volumgtric and mechanical . . __ _.

efficienciss. This is in accord with Ricardo's view (ref-
erence b6, .page 86) that the change in power is due to the
variation . An volumetric.efficienecy and friction, and only
negligibly to vhange in heat 1lo¢ss from thoe ignitod. charge
to the - Jacket with variation in Jacket temperature.

Referring to figure 3 .. at sea level,L the. increase in
mechanical effictency -is 1.3 percent for the range of -
Jaciket-coolant temperature -69.59 G. (1579 F.) to 1000 C.
(212°F.),; whereas Frank (reference 3) with a Curtiss Con-
queror engine noted an increase of only 0.5 percent

_ Tne tendency at all altitudee is for the brake specif—
iec .fusl consumption to decremsewith increasing jackebt=
water temperature. This tendency is dve largely to the in-
crease in mechanlcal efficiency ‘with increasing jacket-.
.water temper atune, and- to betler vaporization of. the fuel
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due to the warming up of the intake manifolds (figure 3).
Nutt (reference 4) using -a Cuntiss Comqueror €nginé variéd
the jacket-coolant temperature from .86° C. to 149° ¢. EHe
found that the brake specific fuel. consumption decreased -
gradually until the temperature reached 1210 §. and then :
increased... For a given engine the temperature at which B
this reversal occurred would doubtless be a function 6f”

the o0il characteristics. ZFrank (reference 3) found for

the 'same engline an .average..decrease in brake spec1f1c fuel
consumption of. 0.22 percent per degree Eeﬂflgrége_fﬂﬁrggse'
in jactet-coalant $emperature.. This is the .sameé pércentage
change as shown in figure 3. However, the plotted results
were obfainzd with the Curtiss D-12 engine under maximum
power conditions at 2,000 r.p.m., whereas Frank's results
were obtained with the Curtise Conqueror cngine operating

at 99J percent of maximum power and a speed of 2,100 r.p.m.
¥ith a Curtiss D-12 engine, Frank (reference 3) reported

an increase in braike specific fuel consumption with increas-
.ing jacket-coolant temperature when .running rull rich at_
2,000 r.p.m,;, and a decrease -when operatlng on the Isan _
side. of maximum power. The mechanical eff1c1ency decreases
with altitude, accounting -for the 1ncrease in snecific fuel
consumption with increase in. altitude.

At sca level the falling off in bragke horsepower with
increasing jacket temperature, partly offsets . the advan-
tage gained due to the decreass in specific fuel consumg—
tion., PFor the range covered, the decrease in brake specif-
ic fuel consumption ig 13.7 percent, whereas the decreass
in braze power is only 3.4 percent. In the casé of aircraft
engines this decrease in specific fuel consumption may be
a great advantaoge and more than offset the disa&vantage of
the decrcase in power output.

In analyzinrg the distribution of the available heat in
the fuel and in computing thermal efficiency, a value of
19,600 B.t.u. per pound was assumed. Since the exhaust
gases were cooled by injecting water into them_(referencé
1) the higher heating value of the fuel has been chosen.-

In figuro 4 the psrcentagce of fuel heat appearing as useful
work is seen to increase linearly with increasing Jackeﬁ—
water tempersture at all altitudes. The percentage of fuel
hgat carried away by the jacket water decreases with increéas-
ing temperature at all altitudes because of incregsing radi—
ation and convection from the éngine. B

Friction horsepower has been plotted as percentage of
heat in the fuel. Whilc a part of the friction no doubt
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appeare as heaﬁ in’ the 3acket waﬁer, no @ifference was de- o
tected -in Lptake and outlet jackét-water ‘temperatures when i .

taking fr:ction nower raadings.' The amount of water cirecu-
lated . through the.jacket was about 300 kilogrdms per minute
and the Eemperature ;eadlngs are probably accurate to with-
in £32.0. e T S S —
It is ev;dent that’ the’ ‘greater part of the friction

18- accounted for 88 _heat los¥t in radiation and cofvection, !
prmplrg lossss. and power required to drlve the gears, pumps
and. accessories. . N _ _ . . C— s

mcx:'ugz-aﬁsi' o e e

-~ I v1ew of the large changes in speclflc fuel consump—
tion .snd . friction Wiuh change of "jacket-water temperature, :
it would seem that the subject deserves further attention. w
‘The guestions .of speed 1ndependent control of intake-mani-
fold tempersature, and. camnreseion ratls should be studied,

Ahe range of altitude pressures and Jacket=coolant tempera- I
tures should be.increased and tests should be conducted va- :
rying. the carburatqr intake-air- temperature with -altitude
according. to the standard atmosphere. I might also be
well to conduct. the tests with varioas 1ubr1cating oils and
Jacket coolants. A A, . L - .

Bureau of Standards,‘ TR e
Washington, D. C., Oct. 18, 1933,
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